ABSTRACT The effect of phytase on the performance, AME n , and the ileal digestibility of N and amino acids was investigated in a 15-d trial using day-old male broilers with diets that were low in Ca (0.9% for control and 0.79% for phytase treatment) and available P (AP; 0.45% for control and 0.35% for phytase treatment). The assayed dietary phytase activity of crumble diet was 1,149 phytase unit (FTU)/kg. Chromic oxide was added to the diets to estimate ileal digestibility of N and amino acid. Excreta
INTRODUCTION
Phytic acid has the potential to form complexes with protein or cations such as Ca, Mg, Zn, and Cu (Vohra et al., 1965; Morris, 1986) , which can negatively affect availabilities and digestibilities of minerals or protein and amino acids (Cosgrove, 1980; Anderson, 1985) . Furthermore, phytate is also able to bind endogenous proteases such as trypsin and chymotrypsin in the gastrointestinal tract (Singh and Krikorian, 1982) , and these complexes may inhibit activity of those enzymes with a subsequent decrease in the digestibility of protein and amino acids. Supplemental phytase has been reported to improve availability of P (Simons et al., 1990; Biehl et al., 1995; Denbow et al., 1995) and Zn (Yi et al., 1996) as well as the ileal digestibility of N and amino acids and AME in poults (Ravindran and Bryden, 1997) . The objective of the present experiment was to investigate the effect of phytase on dietary metabolizable energy and the ileal digestibility of N and amino acid in broiler chicks fed diets with lower than normal levels of Ca and AP.
MATERIALS AND METHODS
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were collected from Day 12 to 15 to estimate AME n . Weight gain, feed intake, and feed:gain of chicks fed phytase using diets with low Ca and AP were comparable with those observed for chicks fed more normal levels of Ca and AP. The diet with supplemental phytase had a higher AME n (P ≤ 0.01) compared with the control diet. Chicks fed phytase had higher digestibilities for Val, Ile, nonessential amino acids (P ≤ 0.05), and total amino acids (P ≤ 0.01). designated control and phytase. Phytase (Natuphos) 2 was added to the diet before pelleting using 25 g premix/ kg feed. The assayed dietary phytase activity was 1,149 phytase unit (FTU)/kg. One FTU is equal to 1 µmol orthophosphate liberated from 5.1 mmol sodium phytate within 1 min at 37 C and pH 5.5. Chromic oxide was added to the diets at the level of 0.4% for determining ileal digestibility of amino acids. The percentage composition and amino acid analysis of the diets are shown in Tables 1 and 2 , respectively. Each treatment consisted of 12 replicate cages with eight chicks each. Chicks were housed in an electrically heated brooder and consumed diets and water for ad libitum intake. Body weight and feed intake of the birds were recorded up to Day 15. Excreta was collected for each cage from Day 12 to 15 to estimate AME n . Excreta were oven-dried at 65 C for 72 h. All chicks were killed by cervical dislocation at the end of the experiment to collect ileal contents. Ileal contents were collected from Meckel's diverticulum to a point 15 cm anterior to the ileocecal junction and were pooled for the eight chicks in a pen; the samples then lyophilized. Phytase activity in the crumble diets was assayed by measuring the amount of orthophosphates released from phytic acid within a period of linear increase with time (Simons et al., 1990) . Diets, excreta, and ileal contents were analyzed for N content using the Kjeldahl procedure (AOAC, 1990 ). Gross energy in diets and excreta was Abbreviation Key: AP = available phosphorus. analyzed using an adiabatic, oxygen-bomb calorimeter 3 . The amino acids, except Trp, were analyzed by ion-exchange chromatography (Spackman et al., 1958) following hydrolysis in 6N HCl for 22 h at 110 C in sealed tubes with two replicates per sample. Methionine and Cys were determined on samples that had been oxidized with performic acid prior to acid hydrolysis, according to the procedure of Moore (1963) . The Trp content was determined by ion-exchange chromatography after alkaline hydrolysis. The Cr content of diets and ileal contents were analyzed using the method described by Williams et al. (1962) . Data were analyzed by t test (SAS, 1990) .
RESULTS AND DISCUSSION
Weight gain, feed intake, and feed efficiency of chicks fed supplemental phytase with the low Ca (0.79%) and AP (0.35%) were comparable with those of chicks fed the control diet that contained more normal levels of Ca (0.90%) and AP (0.45%) ( Table 3 ). This result is in agreement with those of Simons et al. (1990) showing that the growth rate and feed conversion of birds fed the low P diets containing microbial phytase were comparable with or even better than those obtained for birds fed the control diets. These results support the concept that phytase is effective in improving P availability and that P level in broiler starter diets can be lowered in the presence of phytase. The diet with supplemental phytase had a higher (+1%) AME n (P ≤ 0.01) compared with the control diet. Ravindran and Bryden (1997) reported that phytase increased AME by 3.5% from 3,109 kcal/kg to 3,217 kcal/ kg on a DM basis. Biehl and Baker (1997) reported that dietary phytase did not affect TME n values (2,388 kcal/ kg for control, 2,381 kcal/kg for 600 FTU/kg, and 2,416 kcal/kg for 1,200 FTU/kg). Ileal digestibility of N and amino acids are shown in Table 4 . Although ileal digestibility of N of chicks fed phytase increased by 2%, the difference was not significant. Chicks fed phytase had higher digestibilities for total amino acids (P ≤ 0.01), nonessential amino acids (P ≤ 0.05), Val and Ile (P ≤ 0.01), and essential amino acids (P ≤ 0.0509). This increased digestibility may be explained by the fact that phytateprotein bonds were, to some extent, cleaved by phytase (Nair et al., 1991) . Yi et al. (1996) reported a 1 to 2% improvement in amino acid digestibilities when 750 FTU/ kg phytase was added to mash diet for turkey poults, although Mroz et al. (1994) reported that adding phytase (800 FTU/kg of diet) to a pig diet increased the apparent ileal digestibility of only Met and Arg, but did not influence other amino acids. In the study of Biehl and Baker (1997) involving cecectomized roosters, adding 1,200 FTU/kg increased true amino acid digestibility by approximately 2%. These data suggest that addition of phytase (1,149 FTU/kg) to chick starter diets improves diet AME n and the digestibilities of total amino acid, nonessential amino acids, Val and Ile and essential amino acids, while replacing some Ca and AP in the diet. Means ± SD of 12 replicate cages of eight chicks each in a column with no common superscript differ (P ≤ 0.01). ).
